Abstract Purpose: The present study aims to measure the post-surgical swallowing function in patients five years after operative treatment of tongue carcinoma.
Introduction
Evaluation of the post-surgical swallowing function has been performed mainly with videofluoroscopic measurements [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The post-surgical swallowing function observed with videofluoroscopic measurements [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] has been evaluated with relatively short-term follow-up periods, such as follow-up surveys within one year of the treatment. Because oral cancer patients are a high risk category both for developing local recurrences, regional or distant metastasis, as well as for developing second primary cancers, long-term periodic follow-up is essential for these patients. Only few documents have reported on the post-surgical swallowing function after long-term follow-up [12] [13] [14] [15] . Some authors have reported on the post-surgical swallowing function in long-term follow-up surveys using subjective measures such as questionnaires 13, 14 or telephone interviews 15 . Due to limitations as reported by Pauloski 5 , there are few reports of the post-surgical swallowing function in long-term follow-up studies with videofluoroscopic methods. Recently, Nguyen 12 evaluated 25 head and neck cancer patients with repeated videofluoroscopic measures where the mean follow-up period was 26 months, ranging from 15 to 82 months. Although the swallowing function of these patients was evaluated after the oncologic intervention and using videofluoroscopic measurements for patients with head and neck cancers, there was heterogeneity in the group studied and differences in the treatment modalities for the 25 patients.
The purpose of this study was to establish the post-surgical swallowing function in a long-term follow-up study in patients with tongue carcinomas. The investigators hypothesize that the post-surgical swallowing function evaluated by the videofluoroscopic examination did not recover during the long-term follow-up. The specific aims of the study were to compare the present Oropharyngeal Swallow Efficiency (OPSE) with that at discharge and with that has been reported in other follow-up studies 7, 16, 17 , to compare the present nutritional status (BMI and serum albumin) and food consistency of the current eating to that at discharge, to determine a self-rating of the present swallowing function, and the occurrence of pneumonia. Further, the occurrence of penetration and aspiration evaluated by the videofluoroscopic examination were also determined.
Patients and Methods

Study design / patients
To address the research purpose, the investigators designed and implemented a retrospective cohort study. The study population was composed of all patients with tongue carcinomas receiving 40Gy of pre-operative radiotherapy and treated with oral and oropharyngeal resection and reconstructed with vascularized free flaps or pedicled flaps between Jan. 1995 and Dec. 2001 at the Department of Oral and Maixillofacial Surgery, Hokkaido University Hospital. To be included in the study sample, patients had to have been followed for more than five years. Patients were excluded as study subjects if they had received post-operative radiotherapy or other surgical interventions due to primary or cervical metastasis after the initial surgery. Patients who had experienced strokes, Parkinson´s disease, neuromuscular diseases, or other complaints that could influence the swallowing function after the initial surgery were excluded from the study. Patients were also excluded if they did not agree to enroll in the present study due to difficulty of access, age, or for other reasons. Ethical approval was secured from the Hokkaido University Ethics Committee, and informed consent was obtained in writing from each patient.
Variables
In the present study, the predictor variable was time, the situation at discharge vs. that at present. The primary outcome variable was the present OPSE determined by videofluoroscopic examination compared with the OPSE those at discharge or with reported OPSE values. Other outcome variables included the present nutritional status (Body Mass Index: BMI, Serum Albumin) and present dietary intake (food consistency of current eating) compared with that at discharge, self-rating of the present swallowing function (using a Visual Analogue Scale: VAS), and a determination of the occurrence of pneumonia. Further, the occurrence of penetration and aspiration evaluated by the videofluoroscopic examination were also determined. The study variables were age, gender, months after initial surgery, clinical stage of tumors at the time of the surgery, tongue resection (partial glossectomy, hemiglossectomy, subtotalglossectomy), neck dissection (unilateral, bilateral), mandibulectomy, the patient using or not using dentures, and participation in post-operative swallowing therapy.
Data collection
The videofluoroscopic examination at the time of the present evaluation was performed between April and June 2007 and the BMI, serum albumin, dietary intake, occurrence of pneumonia, and self-rating of the swallowing function were assessed simultaneously. The BMI, serum albumin and dietary intake at the time of the present evaluation were compared to these parameters at the time of the discharge following the surgery.
In the videofluoroscopic examination, patients were asked to complete two swallows each of 3cc barium liquid and a 1/2 teaspoon of barium paste (total four swallows) in a sitting position. No head stabilizing device was used, and the videofluoroscopic examination was performed during the swallowing in a lateral projection. The results were recorded on videotape and converted to digital data. The oral transit time, pharyngeal transit time, and percent of the bolus swallowed were determined with Primere® software (Adobe Systems Incorporated, San Jose, U.S.A.) and the oropharyngeal swallow efficiency (OPSE) was calculated. The OPSE was calculated as percent of the bolus swallowed divided by the time needed to swallow the bolus( Table 1 ). The method for calculating the oropharyngeal swallow efficiency (OPSE) was according to that reported by Logemann et al. 16, 17 . To verify the reliability of the OPSE determined in the present study, ten randomly chosen data sets were reanalyzed by two of the authors. The Pearson correlation coefficients of interobserver reliability were .91 for the liquid and .98 for the paste.
The nutritional status was evaluated using the Body Mass Index (BMI) and serum albumin. The BMI is commonly used to estimate nutritional conditions and calculated as body liquids and thin liquids. These results were compared to those at the time of discharge. The patients were also asked to rate the present swallowing function compared to that before surgery using Visual Analogue Scale (Rate 0 to 10). If the present swallowing function is equal to that before surgery, the rating is 10. The occurrence of pneumonia was established by questions to the patients. The penetration and aspiration were determined by the videofluoroscopic examination. Penetration was defined as entry of liquid or paste into the larynx at some level down to but not below the true vocal cords. Aspiration was defined as entry of liquid or paste into the airway below the true vocal cords. The details of the evaluation used in the present study are shown in Table 1 .
Data analysis
The values of the liquid OPSE, Paste OPSE, BMI and serum albumin were analyzed using paired t-tests, and P values below .05 were considered statistically significant. The correlation between the OPSE and the self-rated swallowing function (VAS) was analyzed using Spearman's rank correlation.
Results
Between Jan. 1995 and Dec. 2001, 43 patients with tongue carcinomas underwent oro-mandibular reconstruction with vascularized free flap or pedicled flap. Of the 43 patients, 16 patients with primary or cervical lymph node recurrences were excluded from the study here because additional surgery or radiotherapy had been performed after the initial surgery, and seven patients were excluded because they did not agree to be enrolled in the present study due to difficulty of access or age. The study sample then consisted of 20 patients with a median age of 70 years. They were 11 males and 9 females. The stages of the cancers were: 5 of stage II, 11 of stage III, and 4 cases of stage IV. The extent of the tongue surgery, the type of neck dissection performed, and the flap origin are shown in Table 2 . All patients had received pull through or commando operations. Segmental resection of the mandible was performed in one patient and marginal resection was performed in two patients. Although the precise volume of the dissected tissue was not estimated in the present study, the approximate volume could be estimated from the type of tongue dissection and the T stage of each tumor. To increase the motility of the oral structure and to prevent aspiration, all patients had taken part in post-operative swallowing therapy and 4 patients also had received pre-operative swallowing therapy. The swallowing therapy had included tongue range-of-motion exercises and supraglottic swallow maneuvers.
Eighteen patients had partial or complete dentures and two patients did not have dentures. Of these two patients, one had 28 teeth and the other was edentulous. Six of the 20 patients had also received videofluoroscopic examinations at the time of discharge.
The mean liquid OPSE at present was 26.6±21.2 %/sec and 16 patients showed low OPSE. The mean paste OPSE at present was 21.9±22.5%/sec and 16 patients showed low OPSE. Altogether, 13 patients showed low OPSE both in the liquid and paste swallowing, 3
patients showed low OPSE in liquid swallowing and 3 other patients showed low OPSE in paste swallowing. One patient showed good OPSE both in the liquid and paste swallowing.
Penetration was established in 8 patients (40%) with liquid swallowing and in 5 patients (25%) with paste swallowing. Aspiration was established in three patients (15%) with liquid swallowing and one patient (5%) in paste swallowing. One patient showed aspiration both in liquid and paste swallowing. The extent of the tongue resections for these three patients with aspiration were partial glossectomy, hemiglossectomy, and subtotalglossectomy, respectively.
The 6 patients who underwent videofluoroscopic examinations at hospital discharge after the surgery, had a mean liquid OPSE of 15.9±18.7%/sec and the mean for the paste OPSE was 8.8
±7.4%/sec. The mean liquid OPSE at present were not statistically significantly different from that at discharge (p= 0.4). However, the mean paste OPSE at present was higher than that at discharge (p=0.046).
The mean BMI of all the participating patients at the hospital discharge after the surgery was 21.0±2.9. Thirteen patients were classified as having normal weight, five patients were underweight, and 2 patients were overweight. The mean BMI at the time of the present evaluation was 22.2±3.4. At the present survey, 13 patients were classified as having normal weight, three patients as underweight, and 4 patients as overweight. In five patients who were
classified as underweight at the hospital discharge, two patients now showed normal weight and three patients remained underweight. There was no statistically significant difference between the BMI at discharge and the BMI at present (p=0.1142). The mean serum albumin at the post-surgical hospital discharge and at the present evaluation were 4.4±0.4 g / dl and 4.5±0.3 g / dl, respectively. There was no statistically significant difference between the serum albumin at the discharge and the serum albumin at present (p=0.6864). Three patients with values of serum albumin below 4.0 at the hospital discharge registered above 4.0 at the present evaluation.
The three patients with BMI showing them to be underweight at the present evaluation, all had serum albumin values above 4.0 g / dl.
All patients ingested food without tube feeding at the time of the present evaluation. The mean value of the self-rating of the present swallowing function was 6.4±2.5, 7.4±3.4 for the partial glossectomy subgroup (n=7) , 5.8±2.1 for the hemiglossectomy (n=9) , and 6.0±1.2 for the subtotal glossectomy (n=4) subgroup. There was no statistically significant correlation between the OPSE at present (liquid, paste) and VAS (r=0.108, r=0.373). Pneumonia which had lead to hospitalization had not occurred among these twenty patients during the period between the discharge after the surgery and the present investigation.
Discussion
The purpose of this study is to establish the post-surgical swallowing function in a long-term follow-up study in patients with tongue carcinomas conducted more than five years after surgery. The investigators hypothesize that the post-surgical swallowing function evaluated by videofluoroscopic examination had not recovered at the long-term follow-up. The specific aims of the study were to compare the present OPSE with the OPSE at discharge and with
reported OPSE values, to compare the present nutritional status (BMI and serum albumin) and the consistency of currently ingested food to that at discharge, to determine the self-rating of the present swallowing function, and the occurrence of pneumonia post-surgically. Further, the occurrence of penetration and aspiration evaluated by videofluoroscopic examination were also determined.
The post-surgical swallowing function measured with OPSE did not recover fully in patients with tongue carcinomas at the long-term follow-up investigation. Although the mean value of paste OPSE was higher than at discharge, this value is still lower than that before surgery or the level in healthy humans. Also the number of patients who underwent videofluoroscopic examinations at discharge was small compared to the total numbers of patients in the present study. The OPSE is a convenient measure to compare clinical populations that may have different impairments in oropharyngeal swallowing 17 , and it has been employed in the evaluation of post-surgical swallowing dysfunction of patients with head and neck cancers 1-5, 7, 8 . In the rather short follow-up period reports 1-5, 7, 8 , it has been concluded that OPSE does not recover to the level before the surgery, after up to one-year. The average value of OPSE in healthy humans has been reported as 40-50% 16, 17 . Therefore OPSE values below 40%
were considered low OPSE in the present study. Further, the average post-operative OPSE values in patients with oral cancer in a 1-year follow-up study have been reported to be around here the mean period from the surgery was 26months, ranging from 15 to 82months. It was concluded that the swallowing function had not recovered in 68% of the patients. In the Nguyen et al report, the swallowing function was evaluated after oncologic intervention using videofluoroscopic examinations for patients with head and neck cancers, there was heterogeneity in the group studied and in the treatment modalities of these 25 patients, making the present study more focused and applicable to an evaluation of post-surgical swallowing functioning in patients with tongue carcinomas.
In the long term follow-up study reported here, the nutritional status of the patients was adequate and all patients had full oral intakes at the time of the present evaluation. The food consistency of currently eaten was markedly improved compared to that at the time of discharge.
The BMI and serum albumin were used to evaluate the nutritional status because these indexes are simply established and are in common use worldwide. Except for 3 patients with low BMI at the time of discharge, 17 patients maintained good nutritional status as evaluated by the BMI.
The level of serum albumin was above 4.0 g / dl in all the patients. These results indicate that the patients in the present study have maintained good nutritional status for more than five years post-surgically. For the oral food intake, the food consistency or normalcy of diet within 1 year, post-surgery for patients with head and neck cancers, 22-86% have been reported to eat normal diets and to ingest regular masticated or soft foods 6, 7, 913, 18 . The long-term status, 8.6 years (range 2.5-17.5years) post-surgically, was reported by Friedlander 13 , who evaluated 26 patients who had undergone tongue base resection by the Karnofsky Performance Scale. The mean score of the normalcy of diet was 79.8 showing it to be all meat. In the present study, 90% of the patients ingested regular masticated or soft chewable foods at the time of the present evaluation and the food consistency was markedly improved compared with that at the time of discharge.
Twelve patients rated their swallowing function as generally acceptable (VAS 7.0 and over). The results of the present study shows that the OPSE is inconsistent with the dietary level and self-rating of the present swallowing function reported by the participants in the study here.
Reasons for the disagreement may be that the videofluoroscopic examination has limitations such as in the amount, texture, temperature, and taste of test foods. Further, patient posture or surroundings when eating are different from that at the everyday settings the patients are accustomed to, and at the videofluoroscopic examination, the patients are asked to swallow at the command of the researcher. These patients may be considered to be able to ingest orally, Aspiration has been reported in up to 44% of patients with surgically treated oral and oropharyngeal cancers with free-flap reconstruction, in follow-up studies within one year of the treatment 6 , and the incidence of aspiration in patients treated with chemoradiation was reported as somewhat higher 9 . Previously, we have reported the incidence of aspiration as 12% for liquid and 4% for paste swallowing for patients with oral carcinomas treated with preoperative radiation and surgery, at a 1 year post-intervention survey 7 . In the present study, the incidence of aspiration was 15% for liquid and 5% for paste swallowing. These results suggest that the incidence of aspiration does not increase long-term in these patients, where no other intervention has taken place. None of the patients had experienced pneumonia after discharge regardless of poor swallowing function confirmed by the videofluoroscopic examination. The reports of pneumonia were obtained from patient reflections, but it appears highly likely that the patients had suffered no pneumonia serious enough to require hospitalization. Since swallowing dysfunction causes aspiration, a relationship between swallowing dysfunction and aspiration pneumonia would appear highly likely, but there is no consistent evidence of this [20] [21] [22] not recover during the period until the follow up reported here. However, the results of the present study were determined by the retrospective study design, therefore to assess the post-surgical swallowing function after a further five years with the sample of the present study would be relevant to support the results of the present study. Besides, the number of the patients enrolled in the present study was small, therefore differences in the post-surgical swallowing function in patients with tongue carcinomas was not assessed based on site and size of resection.
Further prospective cohort study is needed to assess differences in swallowing function in long-term follow-up studies based on site and size of resection in patients with tongue carcinomas.
The results of the present study showed that patients with tongue carcinomas more than 5 years post-surgically displayed good nutritional and medical status and had an acceptably norrmal oral intake regardless of poor swallowing function established by videofluoroscopic evaluation. Because the post-surgical swallowing function does not recover to the level before the surgery, the goals of the functional recovery should be set to maintain an acceptable medical status and to avoid aspiration pneumonia 
